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Cloning and functional analysis of the Ldcht10 gene sequence
in Lymantria dispar larvae
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Abstract [Objectives] In order to provide a basis for effective pest control based on RNAi, the temporal and spatial
expression, and the biological functions of the chitinase family of genes in Lymantria dispar were investigated and chitinase
genes causing death during development were screened. [Methods] Degenerate primers were designed to clone the critical
sequence of LdCht10 and the real-time quantitative PCR method was used to detect the relative expression level of LdCht10 in
different instars and tissues of Lymantria dispar larvae. A fragment of the cloned sequence was chosen to study gene function
using the RNA interference method. [Results] A critical sequence of LdCht10 of 2 057 bp in length was successfully cloned.
The RT-PCR results show that the temporal and spatial expression patterns of LdCht10 were significantly different, and that
the LdChtl10 gene was expressed in all instars and tissues, with the highest expression occurring in the foregut and hindgut.
RNA interference showed that 24.3% of test larvae died as a result of not completing molting and pupation after the gene was
silenced. [Conclusion] The temporal and spatial expression profiles of LdCht10 were distinct in different instars and tissues.
Based on the RNAI results, LdCht10 could play an important role in the molting process of L. dispar, and gene silencing can
block ecdysis causing death in some larvae.
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reagent Kit with gDNA Eraser Perfect Real Time DNA
- 80°C pMD™18-T Vector TaKaRa
NCBI 11 pMD™18-T Vector Cloning Kit
MEGA®6.0 DH5a
PCR
! 1.3 LdCht10 )R ZE Rk 9 #h
PCR 2 uL  cDNA
1 uL dNTP 2 puL  10x RT-PCR LdCht10
buffer 2.5 uL. TaqDNA 0.3 pL dd
H,0 16.2 uL
PCR 94°C 3min 94°C B-actin RT-PCR
1 min 55C 30s 72°C 40s 32 PS Primer Premier 5.0
72°C 10 min 4°C LdCht10 PCR 1
PCR
1 3 2 4
SanPrep 6 3
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Table 1 Sequence of primers in this experiment

Primer application Primer name

Sequence of primers (5'-3")

LdCH10-1F
LdCH10-1R
LdCH10-2F
LdCH10-2R
LdCH10-3F

LdCht10
Cloning LdCht10

LdCH10-3R
LdCH10-4F
LdCH10-4R
LdCH10-5F
LdCHI10-5R
g-PCR B-actin F
B-actin R
LdCht10 F
LdCht10 R
dsLdCht10-1F

dsLdCht10-1R

dsRNA
dsRNA synthesis

TACGATTACCACGGYCARTGGGAYAAG
GTCTTCRAAVGAHACCCATTGRTC
GACCTBGAYTGGGARTAYCC
GTCTTCAAAAGATACCCATTGATCGTC
GSTGGTGGDATGRTYTGGGC
TGCAGACACAGCGGCGGAAAGCA
GSTGGTGGDATGRTYTGGGC
CGACCACCTGGATCACGAGT
GAGTCATATGCTGGAGGAGAAGC
TAGAYRATGTGRGTRCAVAG
GCGACTTGACCGACTACCT
TTGATGTCACGCACGATTT
CGAGACCAGGGCTAGAGGA
AGGGACCCATTCGACCA

TAATACGACTCACTATAGGGGAGAACTACGTGCATCATTC
TAATACGACTCACTATAGGGCGACCACCTGGATCACGAGT

R=A/G, Y=C/T, K=G/T, S=C/G, W=A/T, H=A/C/T, B=C/G/T, V=A/C/G,

D=A/G/T T7

The black bold letters represent the degenerate bases, R=A/G, Y=C/T, K=G/T, S=C/G, W=A/T, H=A/C/T, B=C/G/T,
V=A/C/G, D=A/G/T. The italic letters represen the T7 promoter sequences.
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RNA PrimeScript™ RT RNA qPCR
reagent Kit with gDNA Eraser Perfect Real Time 1.4
cDNA
PCR 2 uL ¢cDNA 10X 10 uL 2 gﬁ%'_ﬁﬁ*ﬁ
SYBR. Select Master Mix 2 X 0.15 pmol/L 2.1 LdCht10 FFH|HIHHIEREMERFE L
/ 0.8 uL.  ddH,0 6.4 pL 5 DNA A B C
UbG  30C 2 min 95C  p g 381 604 891 1 298
2min 95C 15s 60°C Imin 40 881 bp 1
Real-time PCR PR 2 TeCHTI0
Chtl0
2 057 bp 685
1.4 {RSNEREB LdCht10 dSRNA
NCBI  BLAST
LdCht10 T7 NCBI
RNA 1 Danaus plexippus 62%
Blunt-LdCh10 3
PCR
PCR DNA 0.5 L 2.2 LdCht10 BB Rk
10 pmol/L 0.5 uL. 10X Tagq Plus qPCR LdCht10
Buffer 2.5 uL. dNTP Mixture 2.5 mmol/L 2 pL 4
Taq Plus 2.5 U/uL 0.3 pL ddH,O 18.7 uL bp bp
94°C 3 min 94°C
30s 55°C 30s 72°C 50s 35 1000
72C 10 min 4C PCR 1o
SanPrep DNA 2501 000
DNA
dsRNA T7 RiboMAX™
Express RNA1i System Promega
dsRNA Thermo Bl 1 LdCht10 RFEYIBER
Fisher 1510 1 pg/uL Fig. 1 Amplification of conserved region of LdCht10
A A 381 B B 604
L5 LdChi10 THRERR S C C 891 bl;p D D 1 298blf)p
4 5 6 1 E E 881bp M DNA marker
1 5 uL dsRNA Lane A: Fragment A, 381 bp; Lane B: Fragment B, 604 bp;

Lane C: Fragment C, 891 bp; Lane D: Fragment D, 1 298
bp; Lane E: Fragment E, 881 bp; Lane M: DNA marker.
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Fig.2 The diagrams of PCR products of Lymantria dispar chitinase genes LdCht10

A~E A 381bp B 604bp C 891bp D 1298bp E 881 bp.
A-E represents the sequence of fragments obtained, A: 381 bp; B: 604 bp; C: 891 bp; D: 1 298 bp; E: 881 bp.

AGGMVWALDLDDFRNRCGQGKHPLINAIKNSLLESNVDEDDLLTIPLADPGNGIDDDDILILPPKTTTQ

KPIYRPTTQRPVYRPTTQRPTTRPTARPTTQRPTQLTTLMDEIVHTTKKPATTVSSTLEERYKVVCYYTN
WAWYRPGPGKFTPSDIDPSLCTHIVYAFAVLDTKRLVIKPHDIWLDVENKFYEKVVALKSKGVKVLLGLG
GWDDSASDKYSRMVNSASARRKFITHALDFIDQYEFDGLDLDWEYPKCWQVNCEKGPSSDKQGFANLV
RELRASFKSRGLLLSAAVSASKRVIDAGYDVATLSRNLDWISLMTYDYHGQWDKKTGHVAPMYASDYN
DDSTLNTHFTVHYWIQKGASPEKLILGVPFYGQSFSLVENAGTGLGVESYAGGEAGDETRARGFLSFYEI
CERIKVSGWSVTRDPGGRMGPYASFDDQWVSFDDDFMIRHKAEYVRAMGLGGSMAWALDLDDFSGK
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Fig.3 Deduced amino acid sequence of LdCht10

LdCht10 LdCht10
Deduced catalytic domain is shown in red and chitin binding domain is shown in green.
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Fig. 5 Relative expression of LdCht10 in different Fig. 7 Relative expression of LdCht10 between
tissues of sixth-instar larvae experimental group and control group
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3 DEPC
FG: Foregut; MG: Midgut; HG: Hindgut; IN: Integument; 1, 2 and 3 represent the larvae LdCht10 dsRNA,
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control, respectively.

201
181
161
§ 141
ﬂg g 12
#5101
29
4]
s 2]
o 1 2
. 0 3 4
6 LdChtl0 By FHLER PG
Fig. 6 Effect of LdCht10 dsRNA on Lymantria dispar Different grc;ups
A. B.
k4 =ik 5 9’2
A. The result of not completing pupation; B. the result of 8 LdChtl0 Erﬁﬂﬁ%aﬁl\?‘zf{iﬂﬂclt @
not completing molting. S REMAMRIEE
Fig. 8 Relative expression between experimental
group and control group of LdCht10
12 3 LdCht10 dsRNA
DEPC
PCR 7 8 1, 2 and 3 represent LdCht10 dsRNA injected prepupa, the
LdCht10 dsRNA LdChtl10 prepupa inject DEPC treated water and blank control,
DEPC respectively.
s g RNAI 8
3 itig

LdCht10
2 057 bp



5 : Ldcht10

685 aa CBD
Cht10
Cht10
LdCht10 LdCht10
2 4
Guetal. 2013
Oxya chinensis
2014
LdCht10
RNA RNAi RNA
2008
Price 2008 RNAI
Tian 2009
Spodoptera exigua
dsRNA
RNAI
RNAi LdCht10 RNAIi
LdCht10
LdCht10
dsLdCht10
1d

- 1201 -
dsLdCht10
24.3%

LdCht10 dsRNA
100%

LdCht10
RT-PCR LdCht10
LdCht10

RNAi

SRk (References)

Arakane Y, Muthukrishnan S, 2010. Insect chitinase and chitinase-
like proteins. Cell. Mol. Life Sci., 67(2): 201-216.

Cogoni C, Macino G, 1999. Gene silencing in Neurospora crassa
requires a protein homologous to RNA-dependent RNA
polymerase. Nature, 399(6732): 166—169.

Dubois NR, 1977. Pathogenicity of selected resident microorganisms
of Lymantria dispar (L.) after induction for chitinase. Doctoral
dissertation. Massachusetts: University of Massachusetts.

Fitches E, Wilkinson H, Bell H, 2004. Cloning, expression and
functional characterisation of chitinase from larvae of tomato
moth (Lacanobia oleracea): a demonstration of the insecticidal
activity of insect chitinase. Insect Biochem. Mol. Biol., 34(10):
1037-1050.

Fang SY, 1988. Forest Entomology. Harbin: Northeast Forestry
University Press. 121-125. [ , 1988.

J121-125]

Genta FA, Blanes L, Cristofoletti PT, 2006. Purification,
characterization and molecular cloning of the major chitinase
from Tenebrio molitor larval midgut. Insect Biochem. Mol. Biol.,
36(10): 789-800.

Graham LS, Sticklen MB,1994. Plant chitinases. Can. J. Bot., 72(8):
1057-1083.

Hannon GJ, 2002. RNA interference. Nature, 418(6894): 244-251.

Hasuwa H, Kaseda K, Einarsdottir T, 2002. Small interfering RNA
and gene silencing in transgenic mice and rats. FEBS Letters,
532(1): 227-230.

Gu J, Huang LX, Gong YJ, Zheng SC, 2013. De novo



- 1202 -

Chinese Journal of Applied Entomology 52

characterization of transcriptome and gene expression dynamics
in epidermis during the larval-pupal metamorphosis of common
cutworm. Insect Biochem. Mol. Biol., 43(9): 794-808.

Khajuria C, Buschman LL, Chen MS, 2010. A gut-specific chitinase
gene essential for regulation of chitin content of peritrophic
matrix and growth of Ostrinia nubilalis larvae. Insect Biochem.
Mol. Biol., 40(8): 621-629.

Kramer KJ, Corpuz L, Choi HK, 1993. Sequence of a cDNA and
expression of the gene encoding epidermal and gut chitinases of
Manduca sexta. Insect Biochem. Mol. Biol., 23(6): 691-701.

Li DQ, Du JZ, Zhang JQ, Hao YS, Liu XJ, Zhang JZ 2011. Study
on expression characteristics and functions of chitinase family
genes from Locusta migratoria manilensis (Meyen). Scientia
Agricultura Sinica, 44(3): 485-492. [ S S S

, s , 2011.
,44(3): 485-492.]

Li DQ, Wang Y, Zhang JQ, Li T, Sun Y, Zhang JZ 2011. Molecular
characterization and function of chitinase 10 gene (OcChtl0)
from Oxya chinensis. Scientia Agricultura Sinica, 47(7):
1313-1320. [ R s s s s s
2014. 10 OcCht10

,47(7): 1313-1320.]

Merzendorfer H, 2013. Insect-derived chitinase// Yellow
Biotechnology II. Springer Berlin Heidelberg. 19-50.

Mi YN, Beeman RW, Arakane Y, 2012. RNAi-based functional
genomics in Tribolium castaneum and possible application for
controlling insect pests.Entomol. Res., 42(1): 1-10.

Nakabachi A, Shigenobu S, Miyagishima S, 2010. Chitinase-like

proteins encoded in the genome of the pea aphid, Acyrthosiphon
pisum. Insect. Mol. Biol., 19(s2): 175-185.

Pal-Bhadra M, Bhadra U, Birchler JA, 1999. Cosuppression of
nonhomologous transgenes in Drosophila involves mutually
related endogenous sequences. Cell, 99(1): 35-46.

Price DRG, Gatehouse JA, 2008. RNAi-mediated crop protection
against insects. Cell, 26(7): 393-400.

Tian H, Peng H, Yao Q, Chen H, Xie Q, Tang B, Zhang W, 2009.
Developmental control of a lepidopteran pest Spodoptera exigua
by ingestion of bacteria expressing dsRNA of a non-midgut gene.
PLoS ONE, 4(7): €6225.

Waterhouse PM, Graham MW, Wang MB, 1998. Virus resistance
and gene silencing in plants can be induced by simultaneous
expression of sense and antisense RNA. PNAS, 95(23):
13959-13964.

Xiao GR, 1992. Forest Insects of China. Beijing: China Forestry
Publishing House. 1086-1087. [ , 1992.

. 1086-1087.]

Zhang J, Zhang X, Arakane Y, 2011. Comparative genomic analysis
of chitinase and chitinase-like genes in the African malaria
mosquito (4nopheles gambiae). PLoS ONE, 6(5): €¢19899.

Zhu Q, Arakane Y, Beeman RW, 2008a. Characterization of
recombinant chitinase-like proteins of Drosophila melanogaster
and Tribolium castaneum. Insect Biochem. Mol. Biol., 38(4):
467-477.

Zhu Q, Arakane Y, Beeman RW, 2008b. Functional specialization
among insect chitinase family genes revealed by RNA

interference. PNAS, 105(18): 6650—6655.



